The purpose of this study was to examine the interrater reliability and criterion-related validity of a scale developed to quantify pelvic floor muscle (PFM) coordination through observational assessment. Study Design: Descriptive study. Background: Observation of muscle coordination is a common part of a PFM examination; however, no instrument is currently available to facilitate a clinician's objective documentation of PFM coordination. We developed a 5-item scale, the Pelvic Floor Muscle Coordination Scale (PFMCS), to quantify a woman's PFM coordination. Methods and Measures: Twenty women with varying symptoms of pelvic floor disorders including urinary symptoms, colorectal distress, and(or pelvic organ prolapse participated in the study. Subjects completed the 20-item Pelvic Floor Distress Inventory (PFDI-20), which served as the criterion standard. Five investigators administered the PFMCS with standardized verbal cueing preceding performance of 5 activities. Intraclass correlation coefficients were used to examine interrater reliability. Quadratic regression analysis was used to assess validity. Results: The PFMCS total score intraclass correlation coefficient was 0.792. Interrater reliability of the subscales varied from good to moderate. Scores on the PFMCS were associated with the Pelvic Organ Prolapse Distress Inventory (R 2 ϭ 0.355, P ϭ .024) and the Urinary Distress Inventory (R 2 ϭ 0.304, P ϭ .046) subscales of the PFDI-20. Conclusion: The PFMCS is a promising observational scale for facilitating visual inspection of PFM coordination. The scale demonstrated good reliability and scores were correlated with 2 subscales of the PFDI-20 questionnaire.
INTRODUCTION
The International Continence Society (ICS) identifies signs of normal pelvic floor muscle (PFM) function as voluntary contraction, voluntary relaxation, involuntary contraction, and involuntary relaxation. 1 Clinicians observe these signs to quantify symptoms of PFM dysfunction. Symptoms associated with PFM dysfunction can be categorized into 5 groups: lower urinary tract, colorectal, vaginal, sexual function, and/or pain.
Symptoms associated with PFM dysfunction affect a broad cross section of women. In a study of 1961 adult women in the United States, 23.7% reported the prevalence of at least 1 pelvic floor disorder (defined as urinary incontinence, fecal incontinence, or pelvic organ prolapse). 2 In a sample of 4103 women 25 to 84 years of age, the prevalence of stress urinary incontinence, overactive bladder, pelvic organ prolapse, and anal incontinence, or any combination thereof, was 37%. 3 Symptoms associated with pelvic floor disorders are not only widely prevalent but also impact quality of life. [4] [5] [6] Assessing the magnitude of distress associated with pelvic floor symptoms can be accomplished with the 20-item Pelvic Floor Distress Inventory . This tool has been found to be a valid, reliable, and responsive questionnaire that measures a woman's perceived colorectal distress, urinary distress, and pelvic organ prolapse symptoms. 7 Scores on the PFDI-20 are used to assess baseline symptom distress and can also be readministered to measure efficacy of interventions intended to minimize symptoms.
Despite the availability of questionnaires, such as the PFDI-20, to measure symptoms, organizations including the ICS have recognized the need for developing valid, reliable, and responsive tools that facilitate a clinician's assessment of signs of PFM function and dysfunction. 1 At present, simple strategies (ie, those that do not require instrumentation or equipment) used by clinicians to assess PFM function include palpation and observation. Pelvic floor muscle strength can be measured via the Brink scale, in which squeeze pressure, contraction duration, and vertical displacement are assessed with the examiner's fingers inserted vaginally. 8 In addition, clinicians can use visual inspection to document observable patterns of PFM contraction. Devreese et al 9 provided evidence that an observational assessment of voluntary and reflexive PFM contractions during a cough is reliable, with coefficients of 0.88 to 1.00 when the assessment is scored dichotomously (coordinated vs not coordinated). The study, however, presented a limited assessment of observable PFM coordination. In addition, the results were specific only to women with urinary incontinence, limiting generalizablity to women with other forms of pelvic floor dysfunction.
Given that the ICS recognizes the need for reliable and valid tools to measure signs of PFM function, this article describes the development of a scale intended to quantify several components of PFM coordination. In addition, this study reports preliminary data on the reliability and validity of this scale.
METHODS AND MEASURES Subjects
Twenty female subjects who responded to advertisements posted at Mayo Clinic in Rochester, Minnesota, volunteered to participate in the study. The advertisement sought women to participate in research for PFM function. Recruitment was not directed toward women who were seeking treatment of a pelvic floor disorder. Therefore, women without pelvic floor disorders and potentially women with pelvic floor disorders served as subjects for this study. Inclusion criteria included proficiency in the English language and ability to ambulate independently. Exclusion criteria included the presence of a progressive or nonprogressive neuromuscular disease, a history of radiation therapy to the pelvis, pelvic reconstructive surgery, complete uterine eversion, prior physical therapy interventions for pelvic floor dysfunction, and/or sexual abuse for which one had not sought counseling. All subjects provided informed consent, and the study was approved by the Mayo Foundation Institutional Review Board, Mayo Clinic, Rochester, Minnesota.
Instrumentation

Tool Development The Pelvic Floor Muscle Coordination Scale (PFMCS)
is an observation scale intended to quantify PFM coordination. Scale item development was based on ICS definitions of PFM function, and the findings of Lee and Hodges regarding the PFM contributions to functional lumbopelvic stability. 1, [10] [11] [12] The PFMCS measures PFM coordination on 5 items: respiration, pelvic floor muscle contraction, extrapelvic muscle activity, pelvic floor muscle expansion, and cough (the Appendix). Performance on each item is quantified using an ordinal scale ranging from 0 to 2, with the lowest rating of 0 indicating optimal muscle coordination during the task performance. (See the Appendix for specific ratings for each PFMCS item.)
Respiration
Optimal pelvic floor function requires coordinated movement among postural, respiratory, and pelvic floor musculature, as indicated by evidence suggesting that women with respiratory disorders and incontinence have a higher prevalence of back pain than women without these disorders. 11 During inspiration, the abdominal cavity fills with air in response to an increase in negative pressure caused by an active diaphragm contraction that may be observed as an expansion of the abdominal wall. Faulty respiration may be observed as upper chest motion and activation of the accessory breathing muscles. Assessing respiration includes observation of both the abdominal cavity/chest wall and the pelvic floor. Pelvic floor muscles eccentrically lengthen as the diaphragm contracts, resulting in caudal movement of the perineum during inspiration. During expiration, PFMs should contract concentrically, resulting in cephalic movement of the pelvic floor, 11, 12 but the magnitude of movement has not been reported.
The respiration component of the PFMCS (specifically the inspiration phase) assesses involuntary relaxation of the PFMs. For this item, a score of 0 represents "consistent diaphragm and PFM expansion during inspiration over a 30-second time period." A score of 1 indicates inconsistent diaphragm and pelvic floor expansion; and a score of 2 indicates the absence of diaphragmatic breathing and/or PFM expansion, and/or use of accessory muscles during respiration.
Pelvic Floor Muscle Contraction
Perineal elevation is the inward (cephalic) movement of the vulva, perineum, and anus. 1 An optimal voluntary pelvic muscle contraction is a prerequisite to perineal elevation and is a routine PFM exercise for lumbopelvic stability. For the purpose of assessing voluntary PFM contraction, a score of 0 indicates the presence of ventral or cranial movement of the perineum during the first attempted PFM contraction. A score of 1 indicates ventral or cranial movement occurred on the second attempt only. Finally, a score of 3 indicates either a Valsalva-type maneuver during the attempted contraction or no voluntary PFM contraction was observed.
Extrapelvic Muscle Activity During Contraction
Extrapelvic muscle activity is considered the contraction of muscles other than those that comprise the pelvic floor during an active PFM contraction. These muscles usually include abdominal, gluteal, and adductor muscles. 1, 13 While co-contraction of extrapelvic muscles may be necessary during a maximal PFM contraction, extrapelvic muscle contraction is undesirable for submaximal PFM contraction. A score of 0 indicates the absence of extrapelvic muscle activity during the PFM contraction. If co-contraction in 1 accessory muscle, either unilaterally or bilaterally is observed, the performance is given a score of 1. A score of 2 is given if co-contraction of 2 or more accessory muscles is observed during PFM contraction.
Pelvic Floor Muscle Expansion
Perineal descent refers to an outward or caudal movement of the vulva, perineum, and anus. 1 The PFMCS defines PFM expansion on the basis of the woman's ability to demonstrate perineal descent. Caudal or outward movement during relaxation at the subject's first attempt following verbal cues is categorized as optimal performance (score ϭ 0). Caudal or outward movement only on the second trial following verbal cuing is given a score of 1. If no perineal descent is observed, PFM expansion is considered absent and given a score of 2.
Cough
No perineal descent should be present when a woman coughs. 1 Evidence suggests the muscles that control the pelvic and urogenital diaphragm need to contract with appropriate neuromuscular timing, strength, and endurance in order to maintain bladder position and ultimately maintain continence during a cough. 10, [13] [14] [15] A ventral movement or involuntary contraction may even precede a cough because of PFM guarding. 1 For the purpose of assessing cough as part of the PFMCS, optimal performance is classified as either neutral or ventral perineum movement during the first cough (score ϭ 0). A score of 1 is given if neutral or ventral movement is observed only during the second attempt (score ϭ 1). A score of 2 is given if the perineum descends with coughing during both attempts.
PFDI-20 Questionnaire
The PFDI-20 questionnaire was administered to measure women's pelvic symptoms and symptomrelated distress and served as the criterion standard for this study. 7 The PFDI-20 includes 20 items comprising 3 subscales: 6 items comprise the Urinary Distress Inventory (UDI-6) subscale, 6 items comprise the Pelvic Organ Prolapse Distress Inventory (POPDI-6) subscale, and 8 items comprise the Colorectal-Anal Distress Inventory (CRAD-8) subscale. The questionnaire yields a summary score that ranges from 0 to 300, with higher scores indicating greater degrees of bother associated with pelvic symptoms. Test-retest reliability of the PFDI-20 summary score is excellent, having a reliability coefficient of 0.93, and the reliability of each subscale is good to excellent, with reliability coefficients ranging from 0.82 to 0.91. 7 Procedures Before testing, each participant provided written consent and completed the PFDI-20 questionnaire. In addition, each subject completed a standard questionnaire that queried medications used within the 6 months prior to enrollment, surgical history, birth history (including parity, gravidity, mode of delivery, presence of perineal laceration, or instrumented delivery), and prior treatment of symptoms by a physical therapist. Data from this questionnaire were used to determine study inclusion. Subsequently, one of the investigators educated participants about the functions of the PFMs and problems that may occur if the muscles function improperly.
One physical therapist who practices in women's health and 4 student physical therapists independently scored subjects' PFM coordination, using the PFMCS. Prior to the study, the first author trained the students through group in-services and one-to-one clinical observation of PFM examination and PFMCS scoring. Once the first author judged each student to be competent with observational PFM examination and PFMCS scoring, recruitment of subjects was initiated. Examiner scores were blinded to one another during testing. A script was used to instruct and cue performance consistently among all subjects.
Following the education session, participants disrobed below the waist and reclined in the dorsal lithotomy position (supine with hips flexed and abducted and feet supported). The remaining investigators entered the examination room. The subjects' knees were supported by 1 investigator on the right and 1 investigator on the left and the remaining 3 investigators gathered at the foot of the examination table. All 5 examiners rated each participant on their ability to coordinate their PFMs. Specific assessment procedures are described in the following text.
Respiration
Raters first completed the assessment of the diaphragm during respiration. An examiner instructed the subject to breathe normally for 30 seconds. Meanwhile, examiners observed the participants' respiratory mechanics at the chest and abdomen. Then, for another 30 seconds, examiners visualized the perineum to assess pelvic floor mechanics during respiration.
Pelvic Floor Muscle Contraction
Second, participants performed the PFM contraction task. The following standardized verbal cues were provided prior to performance of the task to each subject: "squeeze and lift your vagina so as to pull your vagina up and in," "envision you are lifting a marble in your vagina," "envision you are winking," "envision you are stopping the stream of urine," "close your holes," and "pull your vagina inward."
Participants performed 3 repetitions, holding for a count of 3 seconds each time. The examiners provided no feedback regarding performance during testing. After a 30-second rest, subjects repeated 1 additional trial of 3 repetitions. The aforementioned verbal cues were repeated if the subjects requested feedback, but subjects were not given any feedback regarding their performance. Examiners observed the participants performances and documented their scores after the second PFMC attempt.
Extrapelvic Muscle Activity During Contraction
While participants performed PFM contractions, investigators observed co-contractions of the abdominals, gluteals, and/or adductors. Participants were not given any instruction or feedback with regard to extrapelvic muscle activity during contraction, or lack thereof. Participants were not aware that extrapelvic muscle activity was being observed and rated by the investigators.
Pelvic Floor Muscle Expansion
Third, participants were asked to consciously relax their PFMs. Prior to this attempt, testers provided the following verbal cues to each subject: "pretend that you are going to gently bulge through your bottom or pass a little gas," "envision that you are gently expanding through your bottom," "envision that you are opening the labia like a flower," and/or "pretend that you are sitting on a toilet and about to urinate or have a bowel movement."
Participants performed 3 repetitions, expanding (performing perineal descent) for a count of 3 seconds each time. After resting for 30 seconds, they repeated an additional trial of 3 repetitions. Consistent with the procedure for PFMC, verbal cues were repeated if the subjects requested feedback, but subjects were not given any feedback regarding their performance. Examiners documented their ratings after the second task attempt.
Cough
The final task completed was a cough. Participants were instructed to cough forcefully for 2 separate trials while the examiners observed for perineal descent and rated accordingly.
Statistical Analysis
Descriptive statistics were calculated. Interrater reliability for the PFMCS total score and each subscale score was assessed with an intraclass correlation coefficient (ICC [2,1]) described by Shrout and Fleiss. 16 Criterion-related validity was assessed with a quadrat-ic regression analysis to examine the relationship between the PFMCS total score and the PFDI-20 scores. Scores from the primary author, a physical therapist with clinical expertise in women's health, were used in this analysis. Secondarily, for relationships between the PFMCS and the PFDI-20 or its subscale scores that were identified as being statistically significant with the omnibus regression analyses, correlation coefficients were calculated between each of the 5 subscales of the PFMCS and the PFDI-20 questionnaire. The secondary analysis was conducted to examine which specific component of the PFMCS was associated with the PFDI-20 scores. Statistical significance was designated as ␣ ϭ .05 for all statistical tests. SPSS 15.0 software was used to conduct the data analyses.
RESULTS
Subjects who volunteered to participate in the study ranged between 23 and 56 years of age (mean age ϭ 40 Ϯ 12 years) and had a mean body mass index of 27.2 Ϯ 5.2 kg/m 2 . Median parity of the subjects was 1.5 (range, 0-5), with median values of 0.5 (range, 0-4) vaginal deliveries and 0 (range, 0-3) Caesarean deliveries. Participants' scores on the PFDI-20 questionnaire were positively skewed; 5 participants had a score of 0 on the questionnaire and scores ranged from 0 to 158, with a median score of 12.0. The POPDI-6, CRAD-8, and UDI-6 subscale scores of the PFDI-20 questionnaire were similarly positively skewed (descriptive statistics are presented in Table 1 ). Total PFMCS scores were normally distributed and ranged from 0 to 8, with a median score of 5. Frequency distributions for PFM contraction (median score ϭ 0), extrapelvic muscle activity (median score ϭ 1), PFM expansion (median score ϭ 0), respiration (median score ϭ 1), and cough (median score ( 2) subscale scores of the PFMCS are presented in Figure 1 . Most women performed a PFMC correctly, but the majority demonstrated perineal descent during a cough. Few women were able to contract their PFM without extrapelvic muscle activity, and a few were able to demonstrate pelvic floor expansion.
Interrater reliability for the total score on the PFMCS was 0.792. Interrater reliability varied for each of the 5 items comprising the PFMCS ( Table 2 ). The PFMCS demonstrated good reliability with an ICC of 0.812. Similarly, the PFM expansion subscale had good reliability with an ICC of 0.798. Moderate reliability was found for the extrapelvic muscle activity (ICC ϭ 0.564), respiration (ICC ϭ 0.603), and cough items (ICC ϭ 0.642).
Total scores on the PFMCS were associated with the POPDI-6 (R 2 ϭ 0.355, P ϭ .024) and UDI-6 (R 2 ϭ 0.304, P ϭ .046) subscales of the PFDI-20 (Figures 2  and 3 , respectively) but were not significantly associated either with the PFDI-20 total score or with the CRAD-8 subscale of the PFDI-20. Secondarily, the relationships between participants' scores on individual items of the PFMCS with the POPDI-6 and UDI-6 subscale scores of the PFDI-20 were examined with correlation coefficients. Only scores on the PFM contraction item were correlated with the PFDI-20 subscale scores, with correlation coefficients equal to 0.643 (P ϭ .011) and 0.659 (P ϭ .008) for the POPDI-6 and UDI-6 subscale scores, respectively.
COMMENT
Although 1 study has addressed limited aspects of assessing PFM coordination in women with urinary incontinence, 9 it is apparent that a comprehensive observational assessment tool designed to quantify multiple components of PFM coordination in women with impairments of PFM function is lacking. The PFMCS was, therefore, developed as an initial effort to establish a scale intended to facilitate a clinician's ability to quantify PFM coordination through observational assessment. In addition, we analyzed the clinimetric properties of the scale by examining interrater reliability and criterion-related validity.
While there is no standard approach for interpreting reliability coefficients, the ICC can have a magnitude ranging from 0.00 to 1.00, where a larger magnitude represents stronger reliability. In general, reliability coefficients exceeding a magnitude of 0.75 are indicative of good reliability and those with a magnitude below 0.75 may be considered poor to moderate. 17 Within this context of interpretation, good interrater reliability coefficients were found for the PFMCS total score (ICC ϭ 0.792), the PFM contraction item (ICC ϭ 0.812), and the PFM expansion item (ICC ϭ 0.798). On the basis of these findings, it appears that the ordinal scoring system (0 ϭ optimal, 1 ϭ dysfunctional, 2 ϭ absent) for these 2 scale items, based solely on the observed cranial or caudal movement of the perineum and pelvic floor, was adequately defined and thus reasonable agreement among examiners was realized. Although more moderate levels of reliability were realized for the extrapelvic muscle activity (ICC ϭ 0.564), respiration (ICC ϭ 0.603), and cough items (ICC ϭ 0.642) of the PFMCS, the magnitude of the ICCs indicate some degree of agreement in assessing aspects of PFM coordination that were not included in previous efforts. 7 However, the reliability coefficients obtained for these 3 items are sufficiently low that further refinement of the scale should be considered.
Our findings provide preliminary evidence regarding validity of the scale. In particular, PFMCS total scores were associated with the POPDI-6 (R 2 ϭ 0.355, P ϭ .024) and UDI-6 (R 2 ϭ 0.304, P ϭ .046) subscales of the PFDI-20 questionnaire. Variance in PFMCS scores accounted for 35.5% and 30.4% of the variance in POPDI-6 and UDI-6 subscales of the PFDI-20 questionnaire, respectively. Participants with the highest PFMCS scores were generally the partici-pants with the highest POPDI-6 and UDI-6 subscale scores (Figures 2 and 3) . The POPDI-6 subscale quantifies the extent that a woman's pelvic organ prolapse symptoms are bothersome, whereas the UDI-6 subscale quantifies the extent that her urinary symptoms are bothersome. 7, 18 This association between symptoms and PFMCS scores is clinically logical. Pelvic organ prolapse is characterized by descent of the bladder, rectum, uterus, or vagina from their normal anatomic positions, which may be caused by weak or damaged PFMs. 18, 19 Urinary distress is characterized by the presence of urinary urgency, frequency, and/or incontinence. Urinary incontinence has been attributed in part to impaired PFM strength since the 1940s when Kegel 20 introduced exercise of the PFMs as therapy for stress incontinence. A common link to pelvic organ prolapse and urinary distress is that impaired PFM function may contribute to both disorders. The relationship between PFMCS scores and the POPDI-6 and UDI-6 subscales of the PFDI implies that the PFMCS has some level of criterion-related validity. However, this conclusion is made with caution. Because there was no adjustment of the ␣ value for multiple correlations, there is a risk of a type I error in the finding that individual items of the PFMCS and PFDI scores were correlated.
Two aspects of the study's design may have presented obstacles that compromised the clinimetric properties of the PFMCS. First, 4 of the testers were students. If coraters were all physical therapists with women's health experience, we might have observed a higher degree of interrater reliability. A second limitation of the study is that study participants did not likely represent patients who would seek physical therapy services for symptoms urinary, colorectal, and/or pelvic organ prolapse symptoms. Several subjects scored 0 on the PFDI-20 questionnaire and of those who reported symptoms indicating some level of dysfunction, their PFDI-20 scores were lower (mean score ϭ 35.8) than scores representative of a typical population seeking care for pelvic floor dysfunction (mean scores Ͼ 100). 7 Reliability and validity coefficients may have been stronger had the subjects with greater levels of PFM dysfunction participated in the study. Thus, generalizability of this study's findings is limited to women without clinically significant pelvic floor symptoms.
Study procedures may have influenced or limited our study findings. In an attempt to minimize the subjects' learning effects and/or fatigue, all 5 investigators were present during testing. Having 5 examiners present posed unique challenges. First, satisfying the requirement that testers were blinded to each other's scoring necessitated that the testers conceal their clipboards. In so doing, the visual perspective of each tester relative to the subject differed, which might have influenced scoring. Second, in a true clinical setting, the physical therapist would provide directions/ cues to the subject on the basis of the subject's performance. In this study, standardized cues were provided by 1 tester, whether the subject needed a particular cue or not. Thus, attempts to improve the study's internal validity might have hindered its external validity.
In addition, there were limitations in the subscales for extrapelvic muscle activity, respiration, and cough, which might have contributed to the relatively lower interrater reliability values for these 3 PFMCS subscales. These limitations include not only design and scoring criteria but also the need to observe multiple areas of the body simultaneously. The extrapelvic muscle and respiration subscales may benefit from a more clearly operationally defined scoring system. Fortunately, these limitations can be readily modified for further refinement of the scale.
Observation of extrapelvic muscle activity occurred during observation of PFM contraction. Attempting to visualize and score 2 subscales concomitantly, not to mention variability of human movement, might have contributed to the low agreement among the investigators during this investigation.
The respiration subscale also had relatively lower agreement among the investigators and therefore warrants reconsideration. With respect to diaphragmatic breathing, expansion of the abdominal wall is the desired observation and propensity toward upper chest and accessory breathing is considered faulty mechanics. With respect to pelvic floor mechanics, the magnitude of movement at the perineum has not been reported. This movement may be smaller than can be visually detected. Perhaps, future use of the scale would not combine visual inspection of the abdomen and perineum into 1 subscale. Until the amount of movement at the perineum can be quantified, we recommend modifying the respiration subscale to only observe breathing mechanics at the chest and the abdomen.
The scoring criteria for the cough subscale needs to be more clearly defined. For example, the combination of a ventral precontraction before a cough with subsequent perineal descent during the cough was not outlined in the scale. The design of the cough subscale caused the perineal descent to be the overriding factor for scoring without regard to any precontraction present. We recommend modifying the cough subscale to state, "Ventral/cranial movement of perineum observed and sustained during voluntary cough," during the first and second trials.
Finally, the current criteria for the PFM contraction and PFM expansion subscales may limit the clinical utility of this scale. In this study, consideration was not given to the resting tone of the PFMs. Women who present to a physical therapy clinic may have overactive PFMs and consequently may be unable to contract their muscles beyond the already heightened contractile state. Conversely, the clinician may have difficulty rating the pelvic floor expansion item in women with low PFM tone or presence of pelvic organ prolapse.
In addition to refining the scale and further testing its reliability, future research is necessary to improve the clinical utility of the PFMCS. At present, it is unknown if the scale will provide the clinician with sufficient information to accurately differentiate women with and without pelvic floor disorders. Thus, diagnostic validity should be assessed. Likewise, the responsiveness of the instrument to assess meaningful change in PFM function is a potential area of future research.
CONCLUSION
The PFMCS holds promise as an instrument that may facilitate a clinician's ability to objectively document observable patterns of PFM coordination. Total score of the scale interrater reliability was strong, as were the PFM contraction and PFM expansion subscales. In addition, scores on the PFMCS were associated with the POPDI-6 and UDI-6 subscales of the PFDI-20, indicating that this observational scale has some level of criterion-related validity. Future studies will be aimed toward improving the scales reliability and validity within a test sample of women with pelvic floor symptoms.
